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Abstract 



o t 

CH \ We argue that, prior to the recent GALLEX 51 Cr source experiment, the excited 

state contributions to the 71 Ga capture cross section for 51 Cr and 7 Be neutrinos 

On 

were poorly constrained, despite forward-angle (p,n) measurements. We describe 

the origin of the uncertainties and estimate their extent. We explore the implica- 
te . 

tions of the source experiment for solar neutrino capture in light of these uncer- 



tainties. A reanalysis of the Be and B flux constraints and MSW solutions of the 



^ , solar neutrino puzzle is presented. 

Recently the GALLEX collaboration reported the first results of a 51 Cr neutrino source 
experiment [1] . The collaboration stressed the importance of this measurement as a test 
of experimental procedures, including the overall recovery efficiency of the product 71 Ge. 
This test is in addition to the run-by-run checks on the chemical extraction efficiency 
that have been performed by introducing Ge carrier. These have consistently indicated 
Ge yields of about 99% [2]. 

The significance of the source experiment is that it tests the recovery of 71 Ge under 
production conditions almost precisely mimicking those of solar neutrinos. For instance, 



the recoil energies and atomic excitations accompanying solar neutrino absorption could 
conceivably drive a chemical reaction that would bind 71 Ge within the detector. This 
possibility is not entirely academic in view of the early GALLEX experience with cosmo- 
genic 68 Ge (ti/ 2 = 270.8 d), which was not purged as expected from the detector when 
the experiment was begun [3]. Rather than continuing to decline exponentially, the 68 Ge 
level plateaued after repeated extractions at a level 20 times higher that the expected 
standard solar model (SSM) 71 Ge yield. While this difficulty was overcome by heating 
the tank, it illustrates that the chemistry of reactive species, when performed at levels 
below 100 atoms, can be subtle. 

One motivation for the present study is to consider the role of excited states in 71 Ge 
in the capture of 51 Cr and 7 Be neutrinos. Electron capture on 51 Cr produces two line 
sources of neutrinos of energy 746 keV (90%) and 431 keV (10%). As illustrated in 
Fig. 1, the 431 keV neutrinos excite only the ground state of 71 Ge. The strength of this 
transition is fixed by the known lifetime of 71 Ge, 11.43 days, yielding 

BGT(gs) = -J—KJfWO^Wl 2 = 0.087 ±0.001 (1) 

for the Gamow- Teller (GT) matrix element in the direction 71 Ga (Jf = 3/2") to 71 Ge 
[J] = 1/2"). The GT operator is 

Ogt =E*(0M0- (2) 

i=l 

However the dominant 746 keV branch can excite not only the ground state but also 
two other allowed transitions, to the 5/2~ (175 keV) and 3/2~ (500 keV) states in 71 Ge. 
These two excited states also contribute to the absorption of 7 Be solar neutrinos. The 
allowed transition strengths have not been measured directly, though arguments based 
on nuclear systematics and analyses of forward-angle (p,n) cross sections have led to a 
"standard" estimate of their contribution to the 51 Cr experiment of 5% [4]. The GALLEX 
collaboration adopted this estimate in deducing [1] 

R = (1.04 ±0.12) (la), (3) 
2 



where R is the ratio of the measured 71 Ge atoms to expected in the source experiment. 

Let us begin with a restatement of the source experiment result that is free of nuclear 
structure assumptions, 



Rn = E 



BGT(5/2~) BGT(3/2" 
1 + 0.667 — y : ; +0.218- v 1 



BGT(gs) ' -~ BGT(gs) j L09±013 ' < 4 > 
where BGT(gs), BGT(5/2~), and BGT(3/2~) are the Gamow-Teller strengths for the 
ground state and first two excited states in 71 Ge and E represents any deviation in the 
overall 71 Ge detection efficiency from that calculated and used by the experimentalists. 
The coefficients of the second and third terms within the brackets represent the phase 
space for exciting the 175 and 500 keV states by 51 Cr neutrinos, normalized to the ground 
state phase space. The experimental quantity Rq is also normalized to the ground state 
contribution. Thus R = 1.05 is the "standard" value corresponding to a 5% excited 
state contribution to the absorption of 51 Cr neutrinos. 

If the excited states comprise only 5% of the 51 Cr neutrino capture rate, the transitions 
to these states must be roughly an order of magnitude weaker than to the ground state. 
Do we know this with certainty? We know of three arguments that address this issue: 

1) Bahcall's original estimate [5] of the strengths of the excited state matrix elements 
was made by examining known transitions in neighboring nuclei that connect states of 
the same spin and parity. In the case of the 3/2~ to 5/2~ transition, eight such decays 
were found, and from these Bahcall deduced BGT(5/2 _ ) < 0.004. Three or four of these 
decays, though not all, appear to be related to the Ga transition when viewed from the 
perspective of a single-particle model like that of Nilsson. 

The neutron number of 71 Ga is 40; the analogous neutron numbers for the comparison 
transitions range from 33 to 38. Clearly one needs to assume that the nuclear structure 
is reasonably constant under addition of neutrons to use these data to extrapolate to the 
N=40 case of interest. 

Both empirical and theoretical considerations indicate that this assumption is unwar- 
ranted. The empirical approach is to test this procedure in the case of the known 71 Ga 
^ 71 Ge(gs) transition, BGT = 0.087. The most closely analogous neighboring decay is 



73 Ga(3/2~) ^ 73 Ge(l/2~, 67 keV): In the Nilsson model this transition differs only by 
the addition of two spectator neutrons to the lowest deformed level based on the lgg/2 
spherical shell. Yet for this transition, BGT = 0.0016, or more than a factor of 50 weaker. 

The theoretical considerations come from evidence [6,7] that the behavior of N ~ 
40 Ge isotopes under changes in the neutron number is spectacularly nonlinear due to 
the interplay of coexisting spherical and deformed bands. Near N=40 it is possible to 
produce energetically favored, highly deformed neutron configurations in which a pair of 
neutrons occupies a Nilsson orbital based on the lgg/2 spherical shell. This occupancy in 
turns polarizes and deforms the proton orbitals: the strong lg 9 / 2 (n) — lf 5 / 2 (p) interaction 
(these shells have similar nodal structure) drives protons from the 2p 3 / 2 shell into the 
lf 5/2 shell. 

This explanation accounts for an apparent level crossing of the ground-state and first 
excited + bands in even-N Ge isotopes near N=40 (see Fig. 2 of Ref. [8]). Measurements 
show a corresponding sudden change in the shells occupied by the four valence protons: 
The ratio of the 2p 3 / 2 and lf 5 / 2 spectroscopic factors plunges from 2.3 to 0.9 when two 
neutrons are added to 72 Ge (Fig. 3 of Ref. [8]). A large-basis shell model calculation has 
qualitatively reproduced this behavior, showing rapid changes in the proton occupancies 
between N = 38 and 42. 

71 Ga ( 71 Ge) can be naively viewed as a proton (neutron) hole in a 72 Ge (N=40) core. 
As the core changes dramatically as the neutron number varies, (3 decay strengths might 
be expected to evolve sharply between N=38 and 42. Presumably this accounts for the 
disparity between the 71 Ga and 73 Ga BGT values noted above. 

Similar arguments apply to the transition to the 3/2" (500 keV) state. We conclude 
that systematics do not place quantitative constraints on the matrix elements of interest. 

2) One could appeal to theory, but it is difficult to estimate weak BGT values re- 
liably. Two credible attempts have been made, by Mathews et al. [9] and by Grotz, 
Klapdor, and Metzinger [10]. Their predictions are BGT(5/2~)/BGT(gs) = 0.23 and 
0.001 and BGT(3/2~)/BGT(gs) = 0.014 and 0.86, respectively. Given the large discrep- 
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ancies, they provide little guidance. Neither calculation incorporates the physics that we 
argued in 1) drives the dramatic shape changes near N=40. For example, the polariz- 
ing lf5/2(p)— lgg/2(n) interaction plays no role in the Mathews et al. calculation since 
neutrons are not allowed into the lgg/2 shell. 

3) We thus conclude that (p,n) reactions are the one hope for quantitatively con- 
straining the unknown BGT values. At medium energies the proportionality between 
forward-angle cross sections and BGT strength has been well established [11] in the case 
of strong transitions (BGT > 0.4). For this reason (p,n) mappings of the broad profile 
of BGT strength have been considered a valuable tool for estimating 8 B solar neutrino 
cross sections. However, it will become apparent below that the use of (p,n) reactions to 
constrain single transitions with small BGT strengths is a far more speculative endeavor. 

Measurements for 71 Ga were made at 120 and 200 MeV by Krofcheck et al. [12], 
yielding 

BGT(p in) (5/2-) < 0.005 and BGT (P)n) (3/2 _ ) = 0.011 ± 0.002. (5) 

Perhaps because they conform to arguments based on systematics, these results appear 
to have been accepted rather uncritically. 

But as these results are crucial to the interpretation of the calibration experiment, it 
is important to try to assess their likely reliability. Are (p,n) reactions a reliable probe 
of BGT values ~ 0.01? And if not, what is a reasonable error bar to assign to these 
determinations for very weak transitions? 

We can try to answer these questions by examining (p,n) results for transitions of 
known strength. Ten transitions [13] for the lp and 2sld shell are shown in Table 1, 
including five mirror transitions where the nuclear structure is likely quite simple. In 
five cases the deduced (p,n) BGT values are quite large (> 1.0), three are somewhat 
weaker (< 0.5), and two are very weak (~ 0.01, comparable to the Krofcheck 71 Ga 
excited state BGTs). The correspondence between the (p,n) and (3 decay results for the 
five strong transitions is typically 10%, with one case showing a 30% discrepancy. The 
proportionality for the three weaker transitions is rather poor (typically off by a factor 
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of two). The discrepancies for the two very weak transitions are very large, as the (p,n) 
BGT values exceed the (3 decay values by factors of ~ 7 and ~ 100. 

The studies of Refs. [14] and [15] both identified an (L=2 S=l) J=l term in the (p,n) 
operator as a likely source of these discrepancies. This operator arises in distorted wave 
Born treatments of (p,n) scattering and has been shown to affect weaker transitions in 
37 Cl(p,n) 37 Ar substantially (e.g., BGT < 0.1) [14]. Watson et al. [15] attributed the 
discrepancies in Table 1 to the effective tensor operator Ojzl 

(JfWO^U) = (Jf\\0 J G f\\J t ) + 5(J f \\0 J L zl\\ J,) S M (6) 

where 

Oizl = VS^YH Y ^i) ® *(.*)] J=iT+(i)- (7) 
i=i 

In these studies values of the tensor operator coefficient 5 = 0.073 (0.064) were chosen 
for the 2sld (lp) shell. The parameterization used in [15] would give 5 = 0.097 for 71 Ge. 
The notation (|| ||) SM indicates that a shell model reduced matrix element is to be taken. 

The operator defines an effective (p,n) BGT value, BGT?p n j. The calculated 

values are given in Table 1. The shell model matrix elements of Ofzl were evaluated 
using Cohen and Kurath [16] (lp shell) and Brown- Wildenthal [17] (2sld shell) wave 
functions. We also take the sign of the interference between O^ 1 and J L Z\ from the 
shell model. The magnitude of (<//||Ogt 1 |I Ji) was taken from the (3 decay BGT values. 
The results match the measured BGT( pn ) rather well: Phenomenologically the differences 
between (3 decay and (p,n) BGT values do appear to be consistent with an additional 
L=2 tensor operator contributing to the latter. We determined 5 by a least squares fit to 
the measured values, yielding 5 = 0.069 (0.096) for the 2sld (lp) shells, results reasonably 
close to those recommended in Ref [15]. (Our treatment differs slightly from that of Ref. 
[15] because we express the difference in the (p,n) and (3 decay matrix elements as a shell 
model matrix element of an effective operator, rather than introducing effective operators 
for both (p,n) reactions and (3 decay. The resulting values for 5 differ from those of Ref. 
[15] for this reason and because some of the (3 decay BGT values of Table 1 have been 
updated.) 
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This ansatz provides some insight into possible uncertainties in (p,n) BGT mappings. 
It is apparent, for very suppressed GT transitions, that (p,n) BGT values ~ 5 2 ~ 0.01 
can arise solely from the L = 2 contribution to Eq. @. This accounts for the two most 
dramatic discrepancies in Table 1. (And as the (p,n) BGT values of Eq. (|5]) are < 0.01, 
it follows that these transitions could also be characterized by vanishing GT strengths.) 
The remaining significant discrepancies in Table 1 involve the analog transitions in 13 C, 
15 N, and 39 K, which would be described naively as either lpi/2 — > lpi/2 or ld 3 / 2 — > ld 3 / 2 
transitions. But for single-particle transitions with £ = j — 1/2 



Thus the L=2 and GT operators interfere constructively. This explains why the (p,n) 
BGT values of Table 1 are too large. 

The case of 71 Ga is quite different, however. The l/2~, 5/2~, 3/2~ level ordering in 
71 Ge in consistent with a neutron shell of moderate positive deformation f3 ~ 0.05 — 0.15 
in the Nilsson model. Thus the 5/2~ 175 keV state is likely associated with a neutron 
orbital that is almost entirely lfs/ 2 . We expect the valence protons to occupy the 2p 3 / 2 
shell, primarily. Thus the transition density [18] is likely dominated by 



an amplitude that does not contribute to the GT operator but generates the strongest 
L=2 matrix element in the lf2p shell. The competing GT amplitude would arise from 
presumably less important terms in the density matrix, e.g., 2pi/ 2 — > 2p 3 / 2 and lf 5 / 2 — > 



amplitudes. 

The strength of this L=2 transition could quite plausibly approach the single-particle 
limit [19]. This provides the bound 




I/5/2 in) -> 2p 3/2 {p) 



(9) 



lf 5 / 2 . We have no experimental information on the relative sign of the L=0 and L=2 




(10) 



Using this constraint in Eqs. (||) and (ffl) then yields 
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0<BGT(5/2-) < 0.087. (11) 

That is, for destructive interference a BGT value on the order of BGT(gs) is not excluded 
by the (p,n) measurements. 

The transition to the 3/2~ (500 keV) state is more complicated. In an effort to avoid 
exaggerating the BGT range, we take some guidance from the Nilsson model, which 
associates this state with a neutron hole in a K=3/2 orbital whose spherical parentage is 
2p 3 / 2 , but which crosses and strongly mixes with a second K=3/2 orbital whose parentage 
is H5/2. We expect 



5(3/2-||0^||3/2-) S m~6(Ji/- 



*2p 3/2 l/ 5/2 + g*2p 3/2 2p 3/2 



(12) 



where ty a p denotes components of the one-body transition density matrix [18]. But 
^2p 3/2 2p 3/2 likely accounts for the largest contribution to the GT matrix element, too, to 
which it contributes with the same sign as above. Thus cancellation between the the L=2 
and GT matrix elements likely requires cancellation between the density matrix elements 
in Eq. fljjp. We bound the L=2 matrix element by taking the single-particle limit under 



the Nilsson model constraint that |^ / 2p 3/2 i/ 5/2 1 ^ ^5? 



|i(3/2-||Oa||3/2-> SM | <6^- (-^1 =0.25. (13) 

Combining this with the (p,n) BGT value of 0.011 ± 0.002 yields 

<BGT(3/2~) < 0.057. (14) 

In their discussions of the implications of the source experiment for solar neutrino 
capture in 71 Ga, the GALLEX collaboration fixed the 51 Cr excited state contributions 
at 5% and consider only the affects of shifting this strength between the 5/2 _ and 3/2~ 
states. We now would like to make three observations based on the nuclear structure 
arguments of this paper. 
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i) Without the calibration experiment, no convincing argument exists for more re- 



strictive bounds on BGT(5/2~) and BGT(3/2") than those given by Eqs. fly]) and (|T|), 
giving the region enclosed by the dashed lines in Fig. 2. These bounds allow the total 
excited state contribution to the 51 Cr capture rate to range between and 80% of the 
ground state contribution, in contrast to the 5% employed in the GALLEX calibration 
discussions. 

The other experimental checks [2] performed by the GALLEX collaboration make it 
likely that E ~ 1.0. We make this assumption now in order to explore the consequences 
of the nuclear physics uncertainties, independent of the question of efficiencies. It then 
follows that the pp capture rate is determined by the known value of BGT(gs). (The 
error associated with the 1% of captures to the first excited state is insignificant.) The 
8 B capture rate depends on the broad profile of BGT strength up to the 71 Ge particle 
breakup threshold of 7.42 MeV. For states above 500 keV, we take the "best value" 
for this profile from Krofcheck et a!., but associate a la normalization uncertainty of 
25%. [The Krofcheck profile was normalized by the isobaric analog state (IAS) transition. 
Uncertainties associated with this include the GT strength beneath the IAS peak, and the 
reliability of the calculated Fermi/GT strong distortion factor ratio. The 25% uncertainty 
results from empirical tests [11,20] of the IAS/Fermi proportionality [21]]. Finally, the 
7 Be cross section has the large uncertainty associated with the freedom in BGT(5/2~) 
and BGT(3/2~), parameters for which we lack even best values. 

Figures 3a, 3b, and 3c show the resulting constraints on 0( 7 Be) and 0( 8 B) that we 
have extracted from the GALLEX and SAGE [22] experiments, from GALLEX/SAGE in 
combination with Kamiokande II /III [23], and by considering all experiments (GALLEX, 
SAGE, Kamiokande II/III, and 37 C1 [24]) together. The x 2 fits include the effects of pep 
and CNO neutrinos, and all fluxes are constrained by the condition that the solar lumi- 
nosity is fixed [25]. The heavily shaded regions in these graphs indicate the allowed fluxes 
when the unknown BGT values are assigned their maximum values. These regions expand 
to include the lightly shaded portions when no excited state 7 Be capture is assumed. The 
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dashed line is the result using Krofcheck's BGT values. These graphs illustrate that the 
unknown nuclear physics induces a considerable uncertainty in the extracted bounds, rep- 
resented by the lightly shaded regions, with large values of BGT(5/2~) and BGT(3/2~) 
leading to more stringent constraints on 0( 7 Be). 

ii) If we now continue with the assumption that E ~ 1.0 but use the results on the 
source experiment, a constraint is imposed on the unknown BGT values, 

a = 0. 66 7 B ^lf '» +0.218 B g [ Tlf ■"' ^0.09 ±0.13 (I.), (15) 
BGT(gs) BGT(gs) 

where it is understood that this quantity is positive. This constraint significantly reduces 

the allowed region for the BGT values, as illustrated in Fig. 2. But more important, 

it almost completely removes the unconstrained nuclear physics uncertainties that affect 

the 7 Be capture rate. The capture rate can be reexpressed in terms of the constrained 

parameter a, 



(a0( 7 Be)) = (1.3 SNU) P M sw(384 keV) + (34.4 SNU) P M sw(862 keV) 



x 



1 + 1.09a + 0.080 



BGTY5/2-) BGT(3/2- 
-0.218 V / / + 0-667- V ' 



(16) 



BGT(gs) BGT(gs) 
where Pmsw denotes a possible reduction in the 862 keV and 384 keV 7 Be line fluxes due 
to the Mikheyev-Smirnov-Wolfenstein (MSW) effect [26]. We have used the latest SSM 
fluxes of Bahcall and Pinsonneault (BP) [27] with He and metal diffusion in deriving 
Eq. fll6|) (0( 7 Be) = 5.15E9/cm 2 s). The last term (in brackets) on the right-hand side 
of Eq. ( jTH ) represents the degree of freedom in the BGT(5/2~) — BGT(3/2~) plane 
that is orthogonal to a, and thus is unconstrained by the source experiment. The small 
coefficient of this term reflects the fact that the 7 Be and 51 Cr cross sections depend 
on nearly identical linear combinations of BGT(5/2~) and BGT(3/2~). Consequently, 
the residual, experimentally unconstrained nuclear physics uncertainties in the 7 Be cross 
section make at most a 3% contribution, given the bounds in Eqs. fllT] ) and (|T4|). Thus, 
in principle, a perfect 51 Cr source experiment could determine the 7 Be cross section to ± 
1.5%. Future improvements in the source experiment will continue to be well motivated 
until a comparable statistical accuracy is achieved. 
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Presently, the uncertainty in the experimental constraint (Eq. fllS])) is considerably 
larger than this ± 1.5 % "irreducible" error. However, as experiment has determined 
a "best value" and error for a, this constraint can now be included in the x 2 fit. In 
Figs. 4 we present calculations analogous to those in Figs. 3, but with the source 
constraint included. Because the unconstrained uncertainties in the 7 Be cross section 
have been reduced to such a modest level, the boundaries of the allowed regions can now 
be represented accurately as lines. 

The solar neutrino data, now with the gallium 7 Be cross section uncertainties clearly 
under control, are in serious conflict with suggested astrophysical explanations. Non- 
standard solar models generally reduce 0( 8 B) more than 0( 7 Be), in contradiction to the 
data (Fig. 4c). This difficulty persists when one considers only the SAGE/GALLEX and 
Kamiokande data (Fig. 4b), or any other pair of the SAGE/GALLEX, Kamiokande, and 
Homestake experiments (see, e.g., Ref [25]). 

We can also now include the source experiment in fitting the results of the SAGE, 
GALLEX, Kamiokande II/III, and 37 CI experiments in the presence of MSW oscillations. 
The MSW solutions provide an excellent description of the data, as shown in Fig. 5. We 
have assumed that the oscillation is into muon or tauon neutrinos, which will contribute 
to the Kamiokande II/III signal, though with a cross section about 1/7 that of electron 
neutrinos. The BP SSM with He and metal diffusion has again been used in the calcu- 
lations. We have incorporated the theoretical uncertainties and their correlations, the 
Earth effect, the Kamiokande day- night data, and the improved definition of confidence 
level contours, following Ref. [28]. 

Hi) We have assumed in our discussions that the relative efficiency E can be as- 
sumed to be unity. Even without this assumption, however, the 7 Be capture rate can be 
reexpressed in terms of the experimental quantity Ro, 

(a0( 7 Be)) = £(1.3 SNU) P M sw(384 keV) + ^(34.4 SNU) P M sw (862 keV) 
" 0.043 BGT(5/2~) + 0.073 BGT(3/2~) 1 

X _ + BGT(gs) + 0.667 BGT(5/2~) + 0.218 BGT(3/2~)J ' ( ' 

The remaining nuclear structure uncertainties affecting the capture of 862 keV neutrinos 
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varies from 1.0 to 1.05, given the constraints (Eqs. ( |TT|) and (PI)) on BGT(5/2~) and 
BGT(3/2 _ ). Thus a measurement of Ro with absolute precision would determine the 
overall 71 Ga detector 7 Be neutrino rate to ± 2.5%, independent of any assumptions 
about E. 

If one adopts the extreme view that E is unconstrained apart from Eqs. (§]), flllD , 
and (0), the GALLEX result 

(<70}7i Ga = 79 ± 10 ± 6 SNU (la) (18) 

is not in serious conflict with the SSM: Maximal values for BGT(5/2~) and BGT(3/2~) 
allow E to be as low as 0.54, implying effective pp and 8 B neutrino counting rates of 
38 and 9 SNU in the BP SSM. With a 7 Be neutrino rate of 38 SNU and pep and CNO 
cycle neutrino contributions of ~ 7 SNU, the observed counting rate would be ~ 90 
SNU, within la of the GALLEX best value. We are not advocating such a view, but 
instead pointing out the essential role the other checks on the chemical extraction and 
71 Ge counting efficiencies still play in the gallium experiment. These checks are not 
superseded by the source experiment. 

We thank E. Adelberger, S. Austin, N. Anantaraman, G. Bertsch, B. A. Brown, and 
especially P. Langacker for helpful discussions. This work was supported in part by the 
U.S. Department of Energy under grants #DOE-AC02-76-ERO-3071 and #DE-FG06- 
90ER40561 and by NASA under grant #NAGW2523. 
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Table 1: Comparison of experimental /3-decay BGT values, experimental (p,n) BGT 
values, and BGTg^ calculated from the effective operator of Eq. @, using 
5=0.069 (0.096) for the 2sld (lp) shell. 

Experiment 



A, 


J* 


J f (E f (MeV)) 


BGT a 


BGT U 


BGTg 


13 C 


1/2- 


l/2~ (0.0) 


0.20 


0.39 


0.40 




n+ 
u 




9 81 


9 89 


9 8/L 




1/2- 


1/2- (0.0) 


0.25 


0.54 


0.53 


17 


5/2+ 


5/2+ (0.0) 


1.05 


0.99 


1.15 


18Q 


0+ 


1+ (0.0) 


3.06 


3.54 


3.11 


19p 


1/2+ 


1/2+ (0.0) 


1.62 


2.13 


1.65 


26 Mg 


0+ 


1+ (1.06) 


1.10 


1.14 


1.20 


32 S 


0+ 


1+ (0.0) 


0.0021 


0.014 d 


0.016 e 


39 K 


3/2+ 


3/2+ (0.0) 


0.27 


0.39 


0.39 


39 K 


3/2+ 


1/2+ (2.47) 


0.00017 


~ 0.017 


0.014 



a Deduced from the compilations of Ref. [29] 
fe From Ref. [15] unless otherwise noted. 

c Matrix elements of Ofz^ and the sign of the interference between Oq^ 1 and Ojz\ were 
evaluated with Cohen and Kurath (lp shell) and Brown- Wildenthal (2sld shell) wave 
functions. The magnitudes of («//||Ogt 1 II were taken from measured (3 decay ft values. 

d From Ref. [20]. 

e For this transition the calculated (3 decay BGT is so small (5 • 10~ 5 ) that theory cannot 
reliably determine the sign of the interference between Oq^ 1 and Ofz^. We have assumed 
constructed interference. 
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Figure Captions 

Level scheme for 71 Ge showing the excited states that contribute to absorption of 
pp, 7 Be, 51 Cr, and 8 B neutrinos. 

Constraints imposed on BGT(5/2~) and BGT(3/2~) by Krofcheck et al. [12] (small 
shaded region), by the present reanalysis of the (p,n) results (area enclosed by the 
dashed lines), and by the 51 Cr source experiment (diagonal lines). 

The 90% C.L. limits on 0( 7 Be) and 0( 8 B) imposed by the SAGE and GALLEX ex- 
periments (a), by SAGE, GALLEX, and Kamiokande (b), and by SAGE, GALLEX, 
Kamiokande, and 37 C1 (c). 0( 7 Be) and 0( 8 B) are in the SSM units of 4.89E9/cm 2 s 
and 5.69E6/cm 2 s, respectively. The allowed regions are shaded. The heavily shaded 
region corresponds to the choice of maximum values for BGT(5/2~) and BGT(3/2~) 
(so that excited state contributions to 7 Be neutrino capture are ~ 90% of the ground 
state contribution), while the entire shaded region is allowed if no 7 Be neutrino ex- 
cited state capture occurs. Thus the difference (the lightly shaded region) represents 
the effects of nuclear structure uncertainties on the extracted flux bounds prior to 
the source experiment. The dotted line gives the result for Krofcheck et al. [12] 
BGT values. Note that Fig. 3c also includes 99% C.L. limits (left unshaded for 
clarity) . 

As in Figs. 3, but with the source experiment constraint on BGT(5/2") and 
BGT(3/2~) now included in the x 2 fit- The residual unconstrained nuclear structure 
certainties are so small that they are not shown (see text). Also shown in (b) and 
(c) are various standard and nonstandard solar model predictions (see Ref. [25] and 
references therein). 

The MSW oscillation parameters allowed by the combined results of the SAGE, 
GALLEX, Kamiokande, and 37 C1 experiments, incorporating the uncertainties in 
BGT(5/2~) and BGT(3/2~) determined by the 51 Cr source experiment. We have 
employed the fluxes from the BP SSM with He and metal diffusion [27]. 
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This figure "figl-l.png" is available in "png" format from: 



http://arXiv.org/ps/nucl-th/9503017vl 
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